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Panda Ailuropoda melanoleuca, retains the similar digestive system with carnivore. The purpose of our
research is to determine the microbial structure of the feces of Red panda, and explore the biological
mechanism of the bamboo feeding habits. Feces of captive Red pandas from Hangzhou zoo and Shanghai zoo
were collected, and Hiseq high-throughput sequencing based on 16S rRNA gene was conducted to determine
the structure of fecal microbiota of Red panda. For the diversity of microbiota composition, Sobs, Shannon,
simpson, ace and Chaol index were calculated. Wilcoxon rank-sum test was used to evaluate the influence of
diet composition and age on the microbiota structure. Tax4Fun was used to predict the function of microbiota.
The results showed that the diet compositions influenced the microbiota diversity of Red pandas (P < 0.05),
and the microbial diversity of adult Red pandas was significantly higher than that of cub and old groups (P <
0.05) (Table 2). The fecal microbiota of the Red panda was mainly composed of Firmicutes, Proteobacteria
and Bacteroides at phylum level, and composed of Eschericia-Shigella, Clostridium sensu stricto and
Enterobacter at genus level (Fig. 2). For the fecal microbiota of Red panda, the metabolic genes related to
carbohydrates and amino acids were the richest, followed by the metabolic genes related to energy and lipid
(Fig. 5). 6-phosphate-f-glucosidase and B-glucosidase might be helpful for the digestion of high fiber diets

(Fig. 6). The microorganisms of Red panda can be helpful in metabolizing carbohydrates and amino acids, and
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producing enzymes to digest cellulose.

Key words: Red Panda, Ailurus fulgens; Fecal microbiota; Diet composition; Age
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REMH M TE ) 5 A AE (Ursus thibetanus)
SEINAHIE (Li et al. 2015). [FHARH LA
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PR TCIR G o KA FEEREATINTCTE EP
B, FESLRIBON - 80 CUKARIRAT, 5 Eisi%km
FEATIONTRIA BN B UK S LRI 58 s Hin -
1.2 SERH,H
FRHE Glatston 25 (2015) X /NRES A= 1% 12
R BHR, K REE IR 3 N4 e (0 ~
2.5 %), A (2.6~9.9 %) FIFELH (10.0
% T UL 1D 4% B EH R A FRIRI 2 a3
SN E BN bl 26 o e B4 el 2H H R ZH R C
FURAEMA): 214 80 g 3E R 200 g 55k 150 g
AT 1500 g5 B HARA R (B A Rk
AR SR 250 g B3k 250 g A7 500 ¢
IS 25 go il G [ AR ZH ORI 188 73 2 %)
NRER AR T AE N P2 A2 A ELREIA, AE 53 BT
RS, BT s 4 Mk
(2 W2 #E) 5 Bilgshir) 4 REEEME (2
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HOQME2 1) KEFH3 A (12 7.
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Table 1 Information of experimental Red Pandas

ERTH WS M R (D SRl
Age group Number Sex  Age (Year) Group by diet
g Cl Q 05
Cub C2 3 0.5
Al Q 6
A2 ? 4 B I e
A3 a4 4 Hangzhou Zoo diet
FRAFAL A4 g 7
Adult El Q 5
B2 3 5 EigahylE ARl
E3 Q 8 Shanghai Zoo diet
E4 3 5
o1 3 12
el
old 02 Q 12
03 3 15

1.3 Z%F DNA $2EUR 16S rRNA ZEH TP
FIH] Thermo NanoDrop 2000 %84Mil & 4

FEHEFEERT 1%35 HE W 6 e L vk 4E AT 5 DNA R

o 16S rRNA # M £ X 38 V3 ~ V4 [X, f#

F 51 AEE 514 341F F1 806R 1) 5% i I
&4 Nlumina Hiseq PE250 /3 ] index /7 41| 1
A eI v, &SIV
535, 5'-CCT ACG GGR SGC AGC AG-3'

(341F), 5-GGA CTA CVV GGG TAT CTA
ATC-3' (806RD, SIMAseIF51Y), Hrf, R,
S MV MBI, R (A, G) . S (G, O .
V (G, A, C) o MRS IIEEEIZ DNA At
#, 18l KAPA HiFi Hotstart ReadyMix PCR kit
PR AR HEAT PCR, R ORT 1S A VR A P AR s 2k
P PCR W& AFH: 95 CHALME 3 min; 98 'C
B 20s, 58 CiBK 15s, 72 CHEMH 20 s,
AT 30 MEFF: )5 72 CHERF 5 min. PCR
MR Z N 30 ul: 2 x KAPA Library
1% C10
pmol/L) % 1 ul, it DNA 50 ng, Hl ddH,O
#5530 ple F 2%BR AR AL Pk A I PCR 7
¥, 3+ H AxyPrep DNA %5z RIS F) & Ul iz 7]
% PCR /=¥, Wi/, #|H Thermo NanoDrop
2000 ANy 7 G EE VAT 2%35 IR B B
VKT SCRE LR o SCPERURS G 4% J5 18 Qubit
AT SO E &, FEARIE AR RE i B B 20K,
HEAT AH B LB VR A A Tllumina Hiseq
PE250 LHLIIFE.
1.4 $dEgt

kAR 734117 Sobs. Shannon. Simpson.

Ace Al Chaol ZAFMEFEH. KHE 74X B R
FEREATIE 52K (hierarchical clustering), FHES
95K H unweighted UniFrac( R % e P
&S EREVE H H I A1 weighted UniFrac (7E
B A E P A ) F EINTHEIERD Py
B, AR ER AN B AR08 20 18] 2 AR PR A R E 2
S LR A Wilcoxon rank-sum test #6556, [N
Fl Tax4Fun il /s RE A 31505 ol A= 00 v B 1) 1)
Eo HET 168 rRNA F:[F 751 54 5 nt 4 5t A
H5RRFNMABHF 2P (Kyoto Encyclopedia of
Genes and Genomes, KEGG) At k17
XPEE, 7R —FIEE IE g K Bk AT AU D Re
FROFII o 2H 1R) 22 5 8 ) ANOSIM BEAT K5 .

Amplification ReadyMix 15 pul,
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Fig.1 Venn diagram of the microbiota composition
of captive Red Pandas in different age
categories (OTU level)
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Numbers in the intersect area of different circles represent the amount

of OTUs shared by different groups

R R THRAMZEL (P<0.05) (K2).

TEITAKP B, /NS ST ) LU BE TR
['] (Firmicutes). AZJEH ] (Proteobacteria)
FHAFHE ] (Bacteroidetes) N3, Hrph, ki
AN REH RIS ERE ST
BB A, U] & 8B E KT B 3)

PR ERERE TSR B S T REEA, AT E
ITEZETREL (P<0.05). fEEAKT LU
Befs- L5 1H )8 (Escherichia-Shigela). 3% X
B )& (Clostridium sensu stricto) A1 AT & &
(Enterobacter) A3, H, HAFwE &=L
WAAFHREFEANGFEREES (P <

Pl 4l (P <0.05), JEEERI/EMA HAR >4
AT REZR (P> 0.05). 2l MEENEM

0.05), Bk AR W @ & B 1A A 4F 8 B A A7 15 2
xR (P<0.05) (K 2).

F2 AR BBRARMFERBIR/NEMEEUEY OTU ZRMEHERER TR CFI9E + HFEE)
Table 2 OTU diversity index of the fecal microbiota of Red Panda in different diet

compositions and different age categories (Mean £ SD)

B NS Z FEEFR%L Diversity index
Categories Contents Sobs Shannon Ace Chaol
M Eh#IE 4 Hangzhou Zoo (n = 4) 293.50 + 47.70 3.02+0.84 347.65 + 52.55 349.04 + 66.48
44
E'*E%’E LifgEhlE 4l Shanghai Zoo (n=4) 148.25 +53.21 1.88+0.51 221.05 + 64.68 206.54 + 44.14
Group by diet
P18 P value 0.030 0.112 0.030 0.030
#)i% Cub (n=2) 138.50 + 12.02 1.72+0.22 157.16 + 18.05 152.69 + 19.29
A Adult (n=4) 293.50 + 47.70 3.02+0.84 357.58 + 47.84 345.04 + 60.35
TR A 4H
A . F4E Old (n=3) 95.67 +47.37 1.85£0.28 187.66 £ 76.97 139.10 +70.18
ge categories
P (%h-i%) {8 P (Cub-Adult) value 0.064 0.064 0.064 0.064

P (&-%) 18 P (Adult-Old) value 0.034 0.077 0.034 0.034
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JRRRI M RFRW, ETTKF L, it
M A2, A3 FI A4 BEARA A AR
FIALHE (unweighted UniFrac), 7% FEFEA
A FEEE S (weighted UniFrac), _EiE5)
VI 4L E1. E3 AT B4 FEARARLE R & . 7E)E
KL, BUNEPEZ (unweighted UniFrac:
A2. A3 fll A4; weighted UniFrac: El1. E3 fll
E4) A1_F#gsh¥)iE 20 (unweighted UniFrac: E1.
E2 Fll E3; weighted UniFrac: A2 fll A3) Kk
A RIESR (E 3). AT AFEER BN
AEM, TEFSMERUAEMA R E 2 & FR B IR
H (YR C1 A C2; BUAFA: A2, A3 H
Ad; ZEH: 02 F1 03), #RIMHET weighted
UniFrac FIZRFABE (K& 4),

2.3 /NRESSEA TR B
3T KEGG 2 K D E T A L, /e J

— b E 4 Hangzhou Zoo

a — X

0.I20 0.1I5 O.IlO 0.05 0
c Al
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41 A4
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El

E3
0.3 0.2 0.1 0

FEE A — B8 LR Thae b
(26.8%). £ KEGG % i@ Thfe
KA G R R AR ThRe i, RN
REE AR (B 5.

F:F TaxdFun THEETIR I, HEF4EZR %
fil A R, BERE TS Bh N REA T AL AT Hh 27 4
R BG LS N DI R . BRI el 1,3-B-
IS 1,6-o- T 5 EFRGAN 65 R -B- 1 A 1
B 14 Bl oA, 6-TER-B- I BT RN
FEDRAE O 2 B dem, LR B8 W B L 1)
FER o TR /N REA AT Pl R IR o G L 2L A
A R RN, BN oI REA B-
FFUNEERY, LRSS RN REgm i e B,
i o-TER G FPEVE R BER 1,4-0- 6 SEHE 4 32
iy (6.

¥3hYE 2 Shanghai Zoo
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-
A3
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d Al
El
E3
- .
A4
—
A2
A3

0.I3 0:2 O.Il 0

E3 FAEBRNERHBEMEYRESITE (FET unweighted UniFrac 1 weighted UniFrac %)

Fig. 3 Cluster analysis of the fecal microbiota of Red pandas in different diet groups

(based on unweighted UniFrac and weighted UniFrac)

a. [']7K*F unweighted UniFrac; b. [J7KF weighted UniFrac; c. &K unweighted UniFrac; d. J&/K*¥* weighted UniFrac.

a. Phylum level with unweighted UniFrac; b. Phylum level with weighted UniFrac; c. Genus level with unweighted UniFrac; d. Genus level with

weighted UniFrac.
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Fig. 4 Cluster analysis of the fecal microbiota of Red Pandas in different age groups

(based on unweighted UniFrac and weighted UniFrac)

a. [1/K*F unweighted UniFrac; b. [J7K*F weighted UniFrac; c. J&7K-F- unweighted UniFrac; d. J&7/K°F* weighted UniFrac.
a. Phylum level with unweighted UniFrac; b. Phylum level with weighted UniFrac; c. Genus level with unweighted UniFrac; d. Genus level with

weighted UniFrac.

BrEAY16 510 Glycan biosynthesis and metabolism

HAEZA I Metabolism of other amino acids

SN A MRS 5 4R1 Xenobiotics biodegradation and metabolism

TR YRS Y HR i Metabolism of terpenoids and polyketides
BHRC Amino acid metabolism

HERARHE Nucleotide metabolism

fEE AR Energy metabolism

B AN e A= AR Metabolism of cofactors and vitamins

JERi8f Lipid metabolism

RKAL-A R Carbohydrate metabolism

m ZHI4H Cub
o AR Adult
= ZAE4 Old

IhEETI Function prediction

1
0 50 100 150
FHXt 3 Relative abundance

Bl5 Tax4Fun JEREZEF K5 @ BK-FA T

Fig. 5 Relative abundance of annotated genes for metabolism function predicted by Tax4Fun in Kyoto

Encyclopedia of Genes and Genomes level 2
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ARRHE,4-B-AMHEE Xylan 1,4-beta-xylosidase

A HI-1,4 -p-H BB WHHEF Endo-1,4-beta-mannosidase
B-H BB M+ Beta-mannosidase

o-H BWEH BT Alpha-mannosidase

B-FHHHH Beta-galactosidase

- FBEHES Alpha-galactosidase

H-1,4-B-EFL B8 Endo-1,4-beta-galactosidase

o- BB P B Alpha-glucosidase

B-#ZAETTNE Beta-glucosidase

F -6 B IR H 49 B B Maltose-6'-phosphate glucosidase
6-BEHR-B- A Wl 6-phospho-beta-glucosidase

I TRHE,6-0- B FE B Glucan 1,6-alpha-glucosidase
HRBE,3-B-H T EE Glucan 1,3-beta-glucosidase
53R -1,6-#F M B Oligo-1,6-glucosidase

TIBETIM Function prediction

B £ 4] Cub
O A4 Adult
W Z4AE4 old

l 1 1
0 1000 2000 3000
XT3 Relative abundance

Bl 6 Tax4Fun ZhEETIS T RRAK A &40 Foe A i R 2 R AR AR X =2 B2

Fig. 6 Relative abundance of Tax4Fun-predicted reads annotated to genes for carbohydrate-active enzymes

3 g
MK R E 5 H B miE e %)
#H2% (Leulier et al. 2017). A R40#s KAESE
EHBFT TR, 1| DR LN RIRRER4)
iy T T T 22 FE IR T, 7 17 H W8I JE A
RN CT3 2017). KA EERY BOK g
W i T B R 22 R I L IBOR B, A K BE A I v
HRay SRR GRS 2013),
AHIE T A /N REA AT AE A 2 A PR B AL
iR, AU R E S T YA ZF 4 (P<
0.05). AW LI AU I SN0 /N REAE W AR Wy, 3%
8 5 A2 W) A7 75 AR & b i AL R R
(Lactobacillus). #FtEK, WA EEFLH
MIFLER B B SR B R, Refgam it i FL IR 7 =X
FEIBL AR ANMA (Jost et al. 2014), [KIHEIR £
R L3N0 P P T R R S B T e o B I SRR
H J& (Schloss et al. 2012, Jami et al. 2013). &
TR/ R SR R, R N BRI /b
BT, IR RS R RKR, FbE
SRFAENS B —, I BEAR T WA R e 2 1

XT /IS REAH B TR A ORI FE R, /N REJH i B
BEREONERERE T A& AT B ]
(Kong et al. 2014), ABFFAGEIALLFIZE L

VT AR AL W FL 30V W T8 T A 2 A 1 B
BIRA K EK (Muegge et al. 2011). 2454
(2017) XF FEl 377N BB (%) B i B FEEAIE 0 I
AR OTEEREE ] WAFE]. ZIERI]
FIPERUE [T (Verrucomicrobia), {HAHFFTH /N
RESE S0 TR PR BT T AR AR, HENR
TR R AR ZE o BEFT RN, P4
/INREN 1 oA B 1 2 AR (diversity ) F
(richness) FI¥%]E (evenness) #3423 =T
BE RN, RN R R E T Bl RN R 2
PR, 1T S A /N e ) W FE 2 R4 (Kong
etal. 2014). ABFFLRIL, AP /N RESE
MR Z AR E & T B . 7EE
FRFMEN, ANRER R SR I B 1 B PR R
Bl B SN S i FRRAREL, (H -
W el RS DRI 2 (275 @) L9 B)
Vi (150 > 19 2 £, BIAT 1R AR
A, AT RERET R B IE R 2 AR PEC. 72
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YT, i /NS E IR TR R, LA
I R TR, (BRI K 2 RN RE
ATERN,  GIRPIFEERER (ERIREE 2017),
DRI Pl 7 2 A1 T /N REAR SR (LR AT e 22 (1)
i, DL R HE FRRREE R K. WFFL R,
7R /N BERE B 50.67% + 13.76%[FI T[]
WTESIIRA (F5RZ%e5E 2005), fEFFARES
T ANRER TG SRR 44.7% ~ 59.0% (Hi 5
JeEE 20060, RN, PEIFRFME /NS
TG SR B AR AR AL, A} 5 SR S AR L
SR R B AR IR LG, BEERAFE T B2
PEAEXTAAR, DRI 2 15078 RE A 1 Pl 5% Ji XL o
T2 AEVERCm R, A T30 2 /) BB PR L
B REFRTR (Glatston 1989).

K H unweighted UniFrac #l weighted
UniFrac 7 3650 AN [R B W0 2H BSGRNAF 18% B /s
REM AT R MAEMM R R, KRIWAE
unweighted UniFrac 24l 2% [8 7 51 R,
FRETIRKAMN, FEHLE OTU K¥ o 24
PSS Chaol FFIEEMFAEREER (P <
0.05), PRI A BCAEPR T /IS BE A S (0 1 A A A i
W, RO AR IEEN .. A, /D
REJ S T BEMO T R T 45 R o, AR AR OK
B BEER I RF I, KT RAEM
J TE T A Fe A AR AR, BR RESE
EREAE DR EE R T, KA S PR RE )i
T HARThRE A (EX 2019). AWFFEH,
NRES AT AN, G b 2T 2 2R A At g 1)
Rl = B de ey, FEEERILA 6B IR - B- 7 W EF Il
o-HBE T G AN B-HIRE G, MLANER a- P ILKE
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